Aim: Impaired social functioning is a common characteristic of patients with schizophrenia. Social functioning requires the complex operation of various executive functions. Deficits in the prefrontal cortex (PFC) have been implicated in executive dysfunction. Here we aimed to clarify the relation between subjectively and objectively assessed social functioning, and their associations with PFC function in patients with schizophrenia.
S OCIAL FUNCTIONING INCLUDES: the ability to live independently, self-care, vocation and learning, and social relationships with family and community members. Impaired social functioning is a principal enduring characteristic of patients with schizophrenia. 1 Furthermore, social functioning is negatively affected by clinical factors, such as cognitive impairment and psychiatric symptoms. 2 In patients with schizophrenia, social functioning can be evaluated using a variety of scales. [3] [4] [5] The Specific Level of Functioning Assessment (SLOF) 6, 7 is commonly employed to evaluate social functioning in a real-world setting in patients with schizophrenia. 3 This scale includes both self-and caregiver-rated measures of the patient's behavior and functioning, and has six subdomains, including Interpersonal Relationships, Activities, and Vocational Functioning. 6 Two previous studies were conducted to evaluate real-world outcomes in the Social, Vocational, and Inhabiting domains using carefully selected scales and informants. 8, 9 Those studies indicated that the SLOF is useful for assessing real-world social functioning. Social functioning requires high-level executive functions, such as monitoring, organizing, selecting, reasoning, and planning. Dysfunction of the prefrontal cortex (PFC) in schizophrenia probably plays an important role in impaired executive function. 10 Moreover, recent neuroimaging studies have indicated the presence of dorsolateral, ventrolateral, and frontopolar region-specific functional segregation. 11, 12 The ventrolateral PFC (VLPFC) is involved in the updating and maintenance of memoryrelated information, while the dorsolateral PFC (DLPFC) is implicated in the choice, manipulation, and monitoring of information. 12 Although the function of the frontopolar cortex (FPC) region has not been fully elucidated, this region likely contributes to the selection of processes and planning, thereby coordinating VLPFC and DLPFC functions. [11] [12] [13] The presence of such functional segregation suggests that certain subregions might be more closely involved in social functioning than other subregions.
Multichannel near-infrared spectroscopy (NIRS) is a functional neuroimaging technology that enables the non-invasive measurement of the spatiotemporal dynamics of brain physiological function within the surface regions of the bilateral frontal and temporal cortices.
14 NIRS enables researchers to perform bedside measurements of oxy-hemoglobin (oxy-Hb) and deoxy-hemoglobin (deoxy-Hb) in the capillaries. When the hematocrit level is constant, simultaneous measurements using NIRS and positron emission tomography (PET) have demonstrated that the changes in oxy-Hb concentrations correlate with regional cerebral blood volume. [15] [16] [17] Several reports have demonstrated that the oxy-Hb changes induced by the verbal fluency task (VFT) are significantly reduced in patients with schizophrenia compared to healthy controls. [18] [19] [20] [21] However, the relation between the levels of task-related brain activation and social functioning remains unclear. Several studies have found associations between prefrontal NIRS signals during the VFT and Global Assessment of Functioning (GAF) scores [21] [22] [23] or Social Functioning Scale (SFS) scores. 24, 25 Although the GAF scale is easy to test, psychiatric symptoms probably affect its evaluation. The association between VFT-related prefrontal hemodynamic responses and both subjective and objective social functioning, using a single scale such as the SLOF, has not been previously assessed in patients with schizophrenia. The primary purpose of this study was to examine the relation between prefrontal NIRS signals during the VFT and social functioning assessed subjectively as well as objectively using the SLOF in patients with schizophrenia.
Previous studies of subjective and objective social functioning have produced mixed results. Bowie et al. 26 reported that there was no significant association between self-and caregiver-rated SLOF scores, while Górna et al. 27 reported no difference between patient and caregiver scores when using the SFS. 24 Very few studies have examined the relation between self-and caregiver-rated SLOF scores. 26, 28 Thus, the primary purpose of this study was to examine the relation between prefrontal NIRS signals during the VFT and social functioning assessed subjectively and objectively using the SLOF in patients with schizophrenia. We hypothesized that the level of social functioning in the patients would be associated with PFC activation, and that the subjective social functioning measurements would be inconsistent with the objective measurements. We recruited patients with schizophrenia with mild psychiatric symptoms and moderate levels of functioning. We first investigated the relation between self-and caregiver-rated scores using the SLOF in the patients. We then examined VFT-related responses in the frontal and temporal cortical regions using NIRS. We lastly clarified the relation between these brain responses and the level of social functioning in the patients.
METHODS Patients
The schizophrenia group in this study consisted of 23 patients with schizophrenia (12 men and 11 women; Table 1 ). They were recruited from both outpatient and inpatient populations of the Tottori University Hospital, Japan between March 2015 and June 2016 based on consecutive referrals. All of the participants were native Japanese speakers and righthanded, as assessed using the Edinburgh Handedness Inventory. 29 The participants were diagnosed by two trained psychiatrists (K. K. and M. Itakura) using the DSM-IV-TR. 30 The patients were receiving antipsychotic medication during the study, and their chlorpromazine-equivalent daily doses were calculated and are shown in Table 1 . 31 The exclusion criteria were as follows: (i) comorbid neurological illness; (ii) previous traumatic brain injury with recognized loss of consciousness or residual cognitive dysfunction; (iii) a past record of electroconvulsive therapy; or (iv) substance abuse or addiction (excluding caffeine or nicotine).
Healthy individuals were appropriately age-and sex-matched to the patients in the schizophrenia group and acted as healthy controls (HC). The inclusion criteria for the controls were similar to those for the patient sample, although the controls were additionally required to have no previous or current psychiatric illnesses. Twenty-two individuals (11 men and 11 women) meeting these criteria were selected as HC, and they participated solely in the NIRS measurement.
The investigation was performed in accordance with the Declaration of Helsinki and was approved by the Ethics Committee of Tottori University Faculty of Medicine (approval no. 2610). Written informed consent was obtained from all participants.
Clinical assessments
Global functioning and psychiatric symptoms Within 7 days of the NIRS measurement, global functioning and psychiatric symptoms were evaluated by a single psychiatrist (M. Itakura) using the GAF scale 30 and the Positive and Negative Syndrome Scale (PANSS), 32 respectively.
Social functioning
The SLOF 6,7 is commonly used to evaluate social functioning in real-world settings. 3 This scale is a 43-item self-or caregiver-rated report of the participants' functioning and behavior in the following six subdomains: Interpersonal Relationships, Activities, Vocational Functioning, Self-Care, Physical Functioning, and Socially Acceptable Behavior. 3 We excluded the last three subscales because ceiling effects have been shown in these domains in previous studies. 33 We thus utilized the remaining three subscales (a total of 24 items). A composite score was obtained according to our previous study. 26 The composite scores ranged from 24 to 120. Higher scores indicated better overall functioning.
Cognitive function and cognitive insight
We measured neurocognitive function using the Brief Assessment of Cognition in Schizophrenia, Japanese version (BACS). 34, 35 Composite scores were obtained by averaging the z-scores from the six subcomponents (List Learning, Digit Sequencing Task, Token Motor Task, Verbal Fluency, Symbol Coding, and Tower of London). Within 7 days of the NIRS experiment, the patients completed a self-assessment of cognitive insight employing the Beck Cognitive Insight Scale, Japanese version (BCIS). 36, 37 Beck et al. previously demonstrated that the BCIS has two components: Self-Reflectiveness and Self-Certainty. 36 Self-reflectiveness measures open-mindedness, while self-certainty rates the degree of certainty of one's own judgments or beliefs. A composite index score is calculated by subtracting the Self-Certainty subscale score from the Self-Reflectiveness score, and reflects the overall cognitive insight of the person.
NIRS measurements Cognitive task
The cognitive task was the same as that used by Takizawa et al. 38 In brief, we measured Hb changes during the VFT (letter version). Participants were instructed to minimize strong biting, eye blinking, and head movements. The block-design VFT consisted of three distinct periods: pre-VFT (30 s), VFT (60 s), and post-VFT (70 s).
NIRS methodology
Based on the modified Beer-Lambert law, a 52-channel NIRS machine (ETG-4000, Hitachi Medical Co., Tokyo, Japan) measured cognitive task-related changes in oxy-Hb and deoxy-Hb using two wavelengths of infrared light (i.e., 695 and 830 nm). 39 The Hb values were calculated using a differential path length factor. The distance between each pair of source-detector probes was set to 3 cm, and each region in between was defined as a channel (ch). The NIRS measures areas 2-3 cm below the scalp, which correspond approximately to the frontal and temporal cortical surfaces. 40, 41 The probes were placed on the frontal and temporal regions in accordance with the International 10-20 electroencephalography system with the midcolumn of the probe located over Fpz and the lowest probes along the T3-Fp1-Fpz-Fp2-T4 line. This placement enables Hb measurements in both the PFC and superior temporal cortical surfaces (Fig. 1) . The correspondence between the NIRS channels and the sites of cortical measurements has been confirmed in a previous study demonstrating craniocerebral correlations. 42 The spatial localization of each channel was estimated using functions from the Functional Brain Science Laboratory at Jichi Medical University in Japan. 43 The sampling time was 0.1 s and the data were examined using an integral mode with linear fitting applied to the VFT period, wherein the pre-VFT baseline score was the mean of the 10 consecutive seconds just preceding the VFT, and the post-VFT baseline score was the mean of the 5 s after 50 s in the post-VFT period. 25 A moving-average method using a 5-s window was used to exclude any shortterm motion artifacts. We also removed noise caused by body-movement artifacts using an algorithm as previously described. 38 The mean VFT-related changes in oxy-Hb levels were used as a measure of the extent of cortical activation, which has previously been shown to be strongly correlated with signals from functional magnetic resonance imaging (fMRI). 44, 45 (a) (c) 
Regions of interest
In a previous study, we analyzed the regional activation associated with cognitive tasks in three brain regions of interest (ROI) defined by Takizawa et al. 38, 46, 47 In this study, we had 52 NIRS channels. Region 1 was defined as channels 25-28, 36-38, and 46-49. The right side of Region 2 was defined as channels 22-24, 32-35, and 43-45, and the left side of Region 2 was defined as channels 29-31, 39-42, and 50-52 38 (Fig. 1) . The NIRS signal from Region 1 consisted of the signals from the channels located approximately in the bilateral DLPFC and FPC. The NIRS signal from Region 2 consisted of signals from the channels located approximately in the bilateral VLPFC and the anterior part of the temporal cortex (aTC).
38,46

Statistical analyses
We performed statistical analyses using SPSS version 19.0 (IBM, Armonk, NY, USA). First, integral values of oxy-Hb changes across each region during the task period were compared between the two groups using t-tests. In order to adjust the rate of type 1 error, the significance level was set at P < 0.05/3 (Bonferroni comparison). Next, Pearson's productmoment correlation coefficients were obtained to assess the relations between self-and caregiver-rated SLOF scores (Interpersonal Relationships, Activities, Vocational Functioning, and composite scores), and between the integral values of oxy-Hb changes in three distinct regions (Region 1, Left Region 2, or Right Region 2) and self-or caregiver-rated SLOF scores. The confounding factors were assessed by investigating the associations among oxy-Hb changes, SLOF scores (self-and caregiver-rated), PANSS scores, GAF scores, and BCIS scores using Pearson's r, as well as the associations among age, duration of illness, performance on the VFT, and daily antipsychotic dose using Spearman's rho for non-normal distributions.
RESULTS
Demographics, clinical characteristics, and social functioning Table 1 summarizes the demographics, clinical characteristics, and social functioning of all participants.
Cognitive activation
The overall mean oxy-Hb waveform changes for the 52 channels and the three ROI in each group are shown in Figure 2 . The patients with schizophrenia had significantly smaller integral values of oxy-Hb changes than the HC following Bonferroni correction (Region 1: P = 0.008; Left Region 2: P = 0.001; Right Region 2: P = 0.014).
Correlation analyses
There were significant positive correlations between the self-and caregiver-rated SLOF composite scores and the scores for the three subdomains (Interpersonal Relationships, Activities, and Vocational Functioning) ( Table S1 ).
The mean VFT-related oxy-Hb changes were positively correlated with both self-and caregiver-rated SLOF composite scores exclusively in Region 1 ( Table 2 ; self-rated: r = 0.49, P = 0.02; caregiverrated: r = 0.53, P = 0.01).
We also found that the mean oxy-Hb changes were positively correlated with both self-and caregiver-rated Vocational Functioning domains, Self-Rated Activities domain, and caregiver-rated Interpersonal Relationships in the SLOF in Region 1, and caregiver-rated Vocational Functioning in the SLOF in right Region 2 ( Table 2) .
We observed significant correlations between the mean VFT-related oxy-Hb changes and general psychopathology (PANSS) in both sides of Region 2 (Left Region 2: r = −0.49, P = 0.02; Right Region 2: r = −0.46, P = 0.03). There were no correlations between the mean VFT-related oxy-Hb changes and positive symptoms (PANSS), negative symptoms (PANSS), total scores (PANSS), GAF scores, BACS composite scores, Self-Certainty (BCIS), SelfReflectiveness (BCIS), or Cognitive Insight (composite BCIS). In addition, there was no association between the mean oxy-Hb changes and age, performance on the VFT, duration of illness, or daily antipsychotic dose.
To detect confounding factors, we assessed the associations between the clinical variables and the SLOF scores (Table S2) . Positive symptoms on the PANSS were negatively correlated with self-rated Interpersonal Relationships (r = −0.45, P = 0.03), Vocational Functioning (r = −0.42, P = 0.45), and the composite score of the SLOF (r = −0.44, P = 0.03). In contrast, positive symptoms did not correlate with the caregiver-rated SLOF scores (r = −0.30--0.41). Negative symptoms on the PANSS did not correlate with any of the SLOF scores, though we observed a trend towards a negative correlation between the negative symptoms and caregiver-rated vocational functioning (r = −0.39, P = 0.06). The BACS composite scores were significantly correlated with the caregiver-rated Vocational Functioning scores on the SLOF, though they did not correlate with the other subdomains or composite scores on the SLOF. In addition, the Self-Certainty scores on the BCIS were negatively correlated with the SLOF Interpersonal Relationship scores (self-rated: r = −0.44, P = 0.03; caregiver-rated: r = −0.46, CH44  CH45  CH46  CH47  CH48  CH49  CH50  CH51  CH52   CH33  CH34  CH35  CH36  CH37  CH38  CH39  CH40  CH41  CH42   CH23  CH24  CH25  CH26  CH27  CH28  CH29  CH30  CH31   CH12  CH13  CH14  CH15  CH16  CH17  CH18  CH19  CH20  CH21   CH2  CH3  CH4  CH5  CH6  CH7  CH8 
DISCUSSION
In the present study, significant positive correlations were found between self-and caregiver-rated SLOF composite scores. In addition, similar correlations were observed for the three SLOF subdomain scores. We also found that both self-and caregiver-rated SLOF composite scores were significantly correlated with VFT-related brain responses in Region 1 (DLPFC and FPC) ( Table 2) . Our results generally concur with those of previous studies on the relation between social functioning and PFC physiological function during the VFT, as measured by the NIRS. 21, 48 This is the first study to demonstrate significant associations between both subjective and objective social functioning and NIRS signals using a single social functioning scale. We observed a significant association between SLOF composite scores and DLPFC and FPC activation during the VFT. Several neuroimaging studies have shown that the FPC region, also known as Brodmann area 10, contributes to important aspects of cognition and behavior, including the selection of processes and planning. This area also contributes to the coordination of VLPFC and DLPFC functions. 11, 13 The VLPFC is involved in the updating and maintenance of memory-related information, while the DLPFC is implicated in the choice, manipulation, and monitoring of information. 12 In primates, the FPC region is assumed to play a role in the evaluation of self-generated decisions and the monitoring of outcomes expected from an ongoing course of action. 49 This region of the PFC seems to be implicated in high-level executive control, which is essential to everyday life skills, including social functioning. Our results may therefore indicate that activation of the PFC region in patients with schizophrenia is a predictor of overall social functioning.
Psychiatric symptoms (with the exception of general psychopathology), global functioning, neurocognitive function, and cognitive insight were not associated with the NIRS signals. General psychopathology was associated with NIRS signals in both sides of Region 2 (VLPFC and aTC) where the SLOF composite score was not found to correlate with brain function. These results suggest that the activities in the DLPFC and FPC are strongly associated with social functioning independent from other factors in schizophrenic patients. Therefore, it is unlikely that these factors were confounding variables. Thus, a multiple regression analysis was not performed.
This study addressed unanswered questions in the assessment of impaired social functioning in ). Contrary to our hypothesis, significant positive correlations were found between the self-and caregiver-rated SLOF composite scores and the three SLOF subdomain scores, indicating that there is no discrepancy between the self-and caregiver-rated SLOF scores. However, a previous study reported that there is no correlation between these scores. 26 The differences in these results might have occurred owing to differences in age, disease severity, or the level of neurocognitive function of the patients. The participants in our study were younger than those of the previous study (age range: 20-65 years, mean age AE SD = 42.1 AE 13.0 years vs age range: 50-75 years, mean age AE SD = 56.6 AE 7.5, respectively). Furthermore, our study included only patients with schizophrenia, whereas the previous study included patients with schizoaffective disorder in addition to those with schizophrenia. Keefe et al. previously reported that the mean BACS composite score in patients with schizophrenia (n = 150) is 1.49 SD lower than that in HC, 35 whereas the patients in our study had BACS composite scores 1.15 SD lower than the HC. This suggests that our participants had relatively mild cognitive impairments, which might be associated with the positive correlations observed between the self-and caregiver-rated SLOF scores.
We also found negative correlations between the SLOF Interpersonal Relationship scores and the SelfCertainty scores on the BCIS. The concept of selfcertainty encompasses the patient's thoughts or behaviors in social situations. 'I know better than anyone else what my problems are' and 'When people disagree with me, they are generally wrong' are two examples of feelings of self-certainty. 36 Patients with schizophrenia who have stronger feelings of self-certainty may have more problems in interpersonal relationships. Our results seem to be consistent with a previous report that demonstrated an association between cognitive insight and social functioning. 7 Cognitive impairment has been shown to have negative effects on social functioning, 2,50 and a significant positive correlation was obtained between the BACS and SLOF composite scores (caregiverrated) in a previous study. 7 In line with these studies, the BACS composite scores in the present study were positively associated with the caregiver-rated SLOF Vocational Functioning score. In addition, the amount of correlation between the BACS composite scores and caregiver-rated SLOF composite scores appeared to be higher than that for self-rated SLOF composite scores (correlation coefficient; caregiverrated r = 0.31, self-rated r = 0.01), although the correlation for caregiver-rated SLOF composite scores did not reach statistical significance.
Our study has some limitations. First, multichannel NIRS has poorer spatial resolution than fMRI due to the limited number of probes and pervasive light scattering in tissue. This limits the localization of VFT-related brain activity. Furthermore, we confined the analysis of brain activation to broadly defined ROI, which prevented us from obtaining a precise activation pattern. Second, the multiplicity of correlational analyses between clinical indices or NIRS signals was not controlled. Third, although oxy-Hb signals and medication doses were not related, all of the patients were chronically ill and were on medication. Thus, to eliminate the effects of medication, future studies of drug-naïve patients are warranted. Finally, it is unclear whether the dysfunctional VFTrelated PFC activation and its association with social functioning is specific to schizophrenia. Studies examining such associations in healthy participants and other patient populations (e.g., autism spectrum disorder and bipolar disorder) are therefore required.
In conclusion, there were significant positive associations between the self-and caregiver-rated social functioning measured using the SLOF in this study. In addition, both the self-and caregiver-rated SLOF composite scores were significantly correlated with DLPFC and FPC activation during the VFT. These results suggest that DLPFC and FPC function are strongly associated with social functioning in a realworld setting in patients with schizophrenia.
